Introduction
[2] Coronal Mass Ejections (CMEs) are transient events in which large quantities of plasma are ejected from the corona into the heliosphere [Gosling et al., 1974; Hundhausen, 1993] . These ejections typically originate in closed-field regions in the corona, are often associated with solar-active regions, and have a magnetic field topology that is highly complex. The ejections of mass from the Sun are also often associated with solar flares [Cane, 1997, and references therein] . Identification of ICMEs (Interplanetary CMEs) is based on several characteristics, including a strong magnetic field, rotating magnetic field (''fluxrope'') signatures, unusually low proton and electron temperatures, bidirectional electron signatures, and compositional signatures such as unusually high He/H, elevated Fe charge states, and unusually high charge states of C and O [Burlaga et al., 1981; Gosling, 1990 Gosling, , 1997 Zurbuchen et al., 2003; Henke et al., 1998; Lepri et al., 2001] . Any given ICME may possess some or all of these signatures, but no one signature is present in all ICMEs. Moreover, ICMEs may display different timings for these signatures so that exact begin and end times for the ejecta can be ambiguous.
[3] The elemental composition of the solar wind is generally ordered according to the first ionization potential (FIP). Elements with FIP <10 eV are generally enhanced over the other elements [von Steiger et al., 2000] . The level of enhancement of low-FIP elements strongly depends on the solar wind source region. Fast coronal-hole-associated solar wind is less fractionated than slow solar wind associated with streamers or loops in the corona. In general, ICMEs have elemental composition signatures similar to slow solar wind [Zurbuchen et al., 2003] . One major exception to this rule is the He abundance. There are well-known enhancements of He/H and He/O associated with many ICMEs. Generally, the enhancements only cover a small fraction of the total volume of the ICMEs [Borrini et al., 1982] . There are also a few reports of unusual, strongly mass-dependent elemental enhancements in some unique ICMEs Wurz et al., 1998 ].
[4] Even though there are similarities between the elemental composition of ICMEs and slow solar wind, there are remarkable differences in the ionization states of ICMEs from the average ionic composition of fast and slow wind. In a few events, unusually low ionization states are found [e.g., Skoug et al., 1999, and [Lepri et al., 2001] . The observed elevated charge states indicate heating of the ICME plasma to temperatures >4 MK, far above average solar wind freeze-in temperatures, which are around 1.5 MK.
The SWICS Instrument
[5] Observations reported here, as those in many extreme ICMEs, are at the limit of what is observable by modern solar wind plasma instruments. The unique configuration of SWICS [for details, refer to Gloeckler et al., 1998 ] makes it possible to overcome all measurement challenges associated with these very fast ICMEs.
[6] SWICS measures solar wind ions from 0.2 to 86 keV/q. The upper energy limit corresponds to a speed of 4062 km/s for protons and 2872 km/s for He 2+ . SWICS allows for an unambiguous measurement of particle speed, V, mass, M, and charge, Q, in triple coincidence. Figure 1a shows raw data from 29 October 2003 to demonstrate the background effect from these fast ICMEs. Nearly all background is eliminated when adding information on the energy/charge distributions of these ions and performing probabilistic assignment for peak overlap removal [von Steiger et al., 2000] , as shown in Figure 1b . In summary, SWICS is ideally suited to analyze the composition of high-speed solar wind, even with large background conditions. Figure 2 shows the speed, temperature, and density of solar wind alpha particles measured during this interval with a 12-minute time resolution. The speed of solar wind alpha particles generally corresponds to the speed of solar wind protons to within <10% [von Steiger et al., 2000] . The kinetic properties of the alpha particles were measured by SWICS without the need for extrapolation [Skoug et al., submitted manuscript, 2004] . We have also plotted 1-minute averages of the ACE magnetic field data. The 8-day time period contained at least three disturbances driven by fast ICMEs. ACE encountered two of these ICMEs but missed the third one, which passed to the west of ACE (J. T. Gosling, private communication, 2004) . These disturbances produced the fastest solar wind speeds yet measured directly and drove shocks identified in the ACE magnetic field data [Cliver et al., 1990; Skoug et al., submitted manuscript, 2004] . The highest speeds occurred in the sheath regions immediately downstream from those shocks and not within the ICMEs. The maximum speed on October 29th was 1900 km/s; the largest speed associated with the second ejection, late October 30th, was 1940 km/s. The third ICME had an associated maximum speed of 772 km/s, again measured in the sheath of an ICME which ACE never actually encountered. The first two ICMEs were encountered by ACE and were apparently the fastest ICMEs observed in situ during this solar cycle [Cane and Richardson, 2003] . Assuming a constant He/H ratio, we can calculate the dynamic pressure increase for the two fastest ICMEs based on the alpha particle measurements. Under this assumption, the dynamic pressure increase at the ICME-driven shocks was approximately a factor of 18 for the first ICME, and a factor of 5 for the second ICME.
Observations
[8] The second impressive feature of these shocks was the heating of He, at their maximum exceeding commonly observed values by over one order of magnitude. At the first shock, the He temperature increased by over a factor of 10, and at the second shock by over a factor of 25. Also, it is evident from Figure 2 that the magnetic field strength increased by approximately a factor of 3 and a factor of 7 at these two shocks. Meanwhile, the solar wind alpha particle density only increased by a factor of <2 for the first shock, and had little or no increase at the second shock. This possibly indicates a highly structured shock geometry and/or magnetic field draping about the ejecta, and will be the subject of a future investigation.
[9] The ionic charge states of C, O, and Fe as a function of time are shown in Figure 3 . Each data point is a two-hour average of the average charge states. This ensures <10% statistical error throughout the entire time interval. Figure 4 shows detailed charge spectra for representative two-hour intervals during this time period. On October 28, before the arrival of the first fast disturbance, the C, O, and Fe ionization states were consistent with a source that was characteristic of slow solar wind, $1.5 MK. The dominant charge states were C 5+ , O 6+ , and Fe
9+
, respectively. This is consistent with long-term averages of slow solar wind . ACE did not encounter the ICME driving the disturbance and shock around November 4th. associated with streamers [von Steiger et al., 2000] . The first fast ICME was marked by an abrupt transition to higher charge states (higher freezing-in temperature) clearly seen in O and Fe, but not so well in C. These unusually high charge states persisted for more than one day. During one half-day, the dominant charge states were fully ionized C, O, and Nelike Fe 16+ (as shown during instances 4 and 5 in Figure 4) ; the Fe charge distribution still had significant contributions above charge state 20. On October 30, the second shock arrived, propagating into the first, unusually hot ICME. It was driven by an ejecta that had lower ionization states than the first ICME, but still much higher than that of the average solar wind. The transition into this second ejecta was much more abrupt in C and O than in Fe. The Fe ionization state gradually relaxed to a cooler (lower charge state), more average solar wind-like composition, until the third disturbance arrived. The C and O ionization states first increased, as observed in the previous ICME, and then dropped to low, solar wind-type composition. There were obvious differences between the ionic composition of the two ICMEs, which might be expected if the ICMEs had distinctly different thermal histories. C and O charge states freeze-in at high densities and thus measure the freeze-in temperature in the lower corona; Fe freezes in at low densities at 3 -5 solar radii [Bürgi and Geiss, 1986] . Differences between these charge states can therefore result from temporal dependences of the ICME heating rates, or from differences in the expansion profiles of solar wind and CMEs in the low corona.
[10] Figures 3e and 3f show the elemental composition during these events. We show C/O and Fe/O. Most ICME start and stop times, indicated by dashed lines, also have abrupt transitions of the ionization states, identifying distinct plasmas. The sharp transitions in the charge states of the ions were sometimes accompanied by distinct transitions in the elemental composition. This was most evident for the second fast ejection, where C/O decreased by more than a factor of 2, while Fe/O increased by more than a factor of 3 relative to their respective pre-ICME values. Meanwhile, the first and third fast ICMEs under consideration showed little change relative to average solar wind composition.
Discussion
[11] The observations during this nine-day interval include two ICMEs associated with the fastest ICMErelated disturbances ever reliably observed in situ. Both ICMEs had disturbances with plasma reaching speeds in excess of 1900 km/s. Due to the superb background suppression properties of the SWICS sensor, the solar wind compositional changes can be inferred from these data throughout the entire time interval. The shocks associated with these events are interesting because, at least in the first shock, the increase in magnetic field strength appears to have been larger than would be expected from the increase in alpha particle density. It may be that the large speed of the first fast ICME produced a significant draping of the magnetic field ahead of it, causing a larger than expected increase in magnetic field strength. This will be explored in detail in an upcoming study.
[12] All ICMEs in this time period had unusually high charge state compositions with an average Fe charge state in excess of 18 for the first and second fast ICMEs. Under the assumption of collisional equilibrium, these charge distributions can be achieved only at electron temperatures in excess of 8 MK. The high charge states imply high electron temperatures in the corona, and thus relatively high electron pressure. It is tempting to suggest that the high pressure was the cause of the unusually large speeds, although detailed model simulations would be required for a conclusive argument. It is also possible that the extreme coronal electron temperatures were simply an indication of the strong release of magnetic energy, or that in these fast events the magnetic field configuration was such that there was a direct connection of this CME material to the flares that were observed, e.g., from RHESSI (R. B. Lin, private communication, 2004) .
[13] The transition from the first to second fast ICME is particularly interesting. The charge compositions of elements that freeze in at high density (C, O) changed abruptly there. However, the Fe charge composition, which freezes-in in the outer corona, hardly changed there. This is unusualhigh C, O freeze-in temperatures usually accompany high Fe freeze-in temperatures. We suggest that our observations provide evidence for plasma interactions between the two fastest ICMEs, perhaps through reconnection. This process thermally linked two individual CMEs in the outer corona.
[14] The second fast ICME had a highly unusual elemental composition, with a large decrease of C/O, and a sharp but small increase in Fe/O. Qualitatively similar signatures have been reported by Wurz et al. [1998] for another ICME. It should be possible to identify the source of these C/O decreases, by studying the EUV, X-ray, and gamma-ray signatures of these flares, and relating the observed in situ plasma to its source. The reasons for such changes in elemental composition are not known, but the compositional signatures should yield important clues to the physics of the solar corona and its coronal mass ejections.
